METHOD FOR LASER- PROCESSING SEMICONDUCTOR DEVICE 




RArKHROUNn OF THE T MVKMT I ON 

The present invention relates to a method for laser light 
irradiation (so called laser annealing) in fabrication of a 
semiconductor device, and to a method for fabricating a 
semiconductor device by laser light irradiation, wherein mass 
production is high, characteristics are little different among 
the devices, and a production yield is high. More 
particularly, the invention relates to a method for improving 
or recovering (repairing) crystallinity of a semiconductor 
material by irradiating the material with laser light. The 
semiconductor material includes a semiconductor material having 
wholly or partially amorphous components, a substantially 
intrinsic polycrystalline semiconductor material, and a 
semiconductor material whose crystallinity has been severely 
deteriorated by damage due to ion irradiation, ion 
implantation, or ion doping. 

Recently, researches have been conducted concerning low 
temperature semiconductor device fabrication processes mainly 
because it has become necessary to form semiconductor devices 
on an insulating substrate made of glass or the like. Also, 
miniaturization of devices and making of a multilayer structure 
have required. 

In semiconductor fabrication processes, it may be necessary 
to crystallize an amorphous component contained in a 
semiconductor material or an amorphous semiconductor material. 
Also, it may be necessary to recover (repair) the crystallinity 
of a semiconductor material deteriorated by ion irradiation. 
Furthermore, when there exists crystallinity, it may be 
required to be enhanced. In general, thermal annealing is used 
for these purposes. When silicon is used as a semiconductor 
material, it is annealed at 600 to 1100°C f or 0 . 1 to 48 hours 
or longer. As a result, the amorphous component is 




crystallized, the crystal 1 ini ty is recovered, or the 
crystallini ty is improved. 

in thermal annealing, as higher temperature is used, the 
processing time can be shortened. However, at 500°C or lower, 
almost no effect produces. At about 600°C, a long processing 
time is needed. Accordingly, it has been required that the 
thermal annealing be replaced by other means in order to lower 
the process temperature. Hence, a laser irradiation technique 
has attracted attention as an ultimate low temperature process. 
Since laser light can be irradiated only onto a region that 
needs high energy corresponding to the energy of thermal 
annealing, it is not necessary that the whole substrate be 
processed to a high temperature. 

Generally, two methods' have been proposed to irradiate 
laser light. First method uses a continuous oscillating laser 
such as an argon ion laser. The laser beam having a spot shape 
is irradiated to a semiconductor material. In this method, the 
semiconductor material is melted by variations in the energy 
distribution inside the beam and by movement of the beam, and 
then the material is solidified mildly. As a result, the 
semiconductor material is crystallized. Second method employs 
a pulse oscillating laser such as an excimer laser. The pulse 
laser having high energy is irradiated to a semiconductor 
material. In this method, the material is momentarily melted 
and solidified, whereby the material is crystallized. 

The first method has the problem that it takes a long time 
to perform the processing, for the following reason. Since the 
maximum energy of a continuous oscillating laser is limited, 
the maximum beam spot size is several millimeters. On the 
other hand, in the second method, a large spot of several cm2 or 
more can be used because the maximum energy is very large. 
Hence, the productivity can be improved. 

However, in order to process one large area substrate with 
a normally used beam having a square or rectangle form, it is 
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necessary to scan (move) the beam vertically an? horizontally . 
This produces limitations on the productivity. This problem 
can be solved by modifying the cross section of the beam into a 
linear form, making the width of the beam larger than the size 
of the substrate to be processed, and scanning this beam. 

The remaining problem for improvement is uniformity of the 
effect of laser irradiation. A pulse laser somewhat varies in 
energy from pulse to pulse .ind so it is difficult to uniformly 
process the whole substrate. Especially, it is important to 
obtain uniform the characteristics of regions where adjacent 
laser spots overlap each other. 

Also, when a pulse laser is irradiated, even if the 
uniformity of- the energy inside the beam of one shot pulse can 
. be accomplished by improvements in the optical system, it is 
difficult to reduce variations in the characteristics of 
devices due to overlap of pulse laser. Especially, where 
devices are located just at ends of the beam of laser light, 
the characteristics (especially the threshold voltages of MOS 
transistors) vary considerably from device to device. 

In semiconductor devices, considerable variations in the 
threshold voltages of digital circuits are admitted. In analog 
circuits, the difference between the threshold voltages of 
adjacent transistors is required to be 0.02 V or less. 

It has been reported that if weak pulse laser light is 
preliminarily irradiated before irradiation of strong pulse 
laser light, the nonunif ormity is lowered and the uniformity is 
improved. However, overlap of laser spots has not been 
discussed sufficiently. 

SUMMARY OF THE TNVENTION 

The object of the present invention is to solve the above 
problem by using a linear laser beam (linear laser light). 
That is, a relatively weak, first pulse linear laser light is 
irradiated to a substrate. Then, a second linear laser light 
having higher energy is irradiated at right angles to the first 
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laser light to process the substrate. Absolute outputs of the 
first laser light and the second laser light may be determined 
by the required uniformity and characteristics. 

In order that the first linear laser light make 
substantially right angles with respect to the second laser 
light, the direction of either laser light is varied, or the 
substrate is rotated at about a 1/4 revolution (approximately 
90"). generally n/2 + 1/4 (n is 0. 1, 2, ...) revolution, i.e., 
(n/2 + 1/4) x 360°. A basic embodiment is shown in Figs. 1A- 
1C. A substrate of a rectangle ABCD is disposed as shown in 
Fig. 1A. A linear laser light 1 is scanned in the direction 
indicated by the arrow, i.e., from top to bottom, to process 
the substrate. It is assumed that the laser light output has a 
relatively weak energy. In the region 2 (indicated by the 
broken lines) irradiated with the laser light, nonuniform! ty by 
variations in pulse intensity of the laser light and overlap of 
laser spots may be observed. A region 3 is not yet irradiated 
with the laser light. 

Then, the substrate is rotated at a 1/4 revolution, i.e.. 
90°(Fig. IB). The laser light 4 is scanned again in the 
direction indicated by the arrow, or from top to bottom, to 
process the substrate. At this time, the laser light output is 
larger than the laser light output irradiated first (Fig. 1C) . 

From the above description, in the present invention, the 
direction of the nonunif ormity due to second laser irradiation 
is perpendicular to that the nonuni f ormity due to the first 
laser irradiation. Therefore, since these two kinds of 
nonunif ormities cancel out, semiconductor devices having high 
uniformity can be obtained. 

The- present invention can be applied to, as an object 
irradiated with a laser light, a film having no pattern, or 
substantially a completed device. Since the present invention 
is characterized in that two linear laser beams are used 
substantially in an orthogonal relation to each other and 
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irradiated to the Sffect at least twice, the l^Kr light can be 
used less wastefully for square and rectangular substrates than 
for circular substrates. In the present invention, a circular 
substrate can be processed. In the invention, some patterns 
are available, depending on the configurations of circuits 
formed on a substrate to be processed. 

Also, it is desired to irradiate a laser light which is 
large enough to cover the whole circuit simultaneously, to 
prevent variations by overlap of laser beams. In practice, 
however, this is impossible to achieve. In the present 
invention, a relatively narrow region in which the laser beams 
do not overlap each other and a relatively wide region in which 
the laser beams overlap each other are formed on a substrate, 
to obtain sufficient characteristics as a whole. 

In the present invention, the circuits formed on the 
substrate are divided into a first circuit region having mainly 
an analog circuit and a second circuit region which is less 
closely associated with analog elements. The beam size of the 
laser light is larger than the first circuit region. In this 
way, the first circuit region can be totally irradiated with 
the laser light substantially without moving the laser light. 

In the first circuit region, the laser light is irradiated 
without substantially moving the laser light. Therefore, in 
the first circuit region, overlap of the laser beam do not 
produce. On the other hand, in the second circuit region, the 
laser light is irradiated while scanning the laser light. As a 
result, the laser beams overlap with each other. 

In a monolithic liquid crystal display device which both an 
active matrix circuit and a peripheral circuit (driver circuit) 
for driving the active matrix circuit are formed on the same 
substrate, the first circuit region including mainly analog 
circuits corresponds to the driver circuit for driving the 
active matrix circuit, especially a source driver (column 
driver) circuit for outputting an analog signal. The second 
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circuit region less closely associated with analog elements 
corresponds to the active matrix circuit and to a gate driver 
(scan driver) circuit. 

In the present invention, it is necessary to match the 
shape of the laser beam to such circuits or to match the shapes 
of the circuits to the laser beam. Generally, it is desired to 
use the laser beam having a linear or rectangular form. In the 
liquid crystal display device, since the column driver and the 
scan driver are formed substantially in a perpendicular 
relation to each other, the direction of the laser light is 
varied, or the substrate is rotated at about a 1/4 revolution, 
approximately 90°, generally n/2 + 1/4 (n is 0. 1, 2, ...) 
revolution, i.e., (n/2~+ 1/4) x 360 ° as described above. 

By the above processing, in the first analog circuit 
region, since overlap of the laser beam do not produce, the 
uniformity of the laser beam within its plane (in-plane 
uniformity) is important. Consequently, devices having uniform 
characteristics can be formed by sufficiently improving the in- 
plane uniformity of the laser beam. On the other hand, in the 
second circuit region, variations in characteristics are 
inevitably caused by overlap of the laser beams. However, 
slight variations are admitted essentially in such a circuit. 
Hence, no great problems produce. 

In this manner, in the present invention, the whole circuit 
formed on the substrate is prevented from being affected by 
overlap of the laser beams. In consequence, the 
characteristics of the whole circuit are improved. 
BRIEF DESCRIPTION OF T HE DRAWINGS 

Figs. 1A-1C are views illustrating the concept of the 
present invention ; 

Figs. 2A-2D are views illustrating a laser-processing 
method according to the invention; 

Fig. 3 is a diagram illustrating TFTs forming analog 
switches of a column driver in an embodiment of the invention; 
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Figs. 4A-4E are views i i lustra ting another laser processing 
method according to the invention; 

Fig. 5 is a perspective structure view of a laser annealing 
apparatus used in the invention; 

Figs. 6A-6C are optical system diagrams in the laser 
annealing apparatus shown in Fig. 5; 

Figs. 7A-7E are views illustrating another laser processing 
method according to the invention; 

Figs. 8A-8G are views illustrating another laser processing 
method according to the invention; 

Figs. 9A-9G are views illustrating another laser processing 
method according to the invention; 

Figs. 10A-10F are cross sections schematically illustrating 
^3 manufacturing processes of TFTs according to the invention; and 
T\ Fig. 11 is a cross-sectional view of a TFT circuit. 

lh DETAILED DESCRIPTION OF THE PREFE RRED EMBODIMENTS 
EMBODIMENT 1 

S3 Fig. 5 is a perspective view of a laser annealing apparatus 

?l used in the present invention. Laser light is generated by a 

ran? 

% Ji resonator (oscillator) 52 and input to an amplifier 53 via 

?1 total reflection mirrors 55 and 56, to amplify the laser light. 

The amplified laser light is introduced into an optical system 
^jy 54 via total reflection mirrors 57 and 58. The laser light is 

a rectangle shape having approximately 3x2 cm^ butt' - ^ 

light is processed (focused) by the optical system b4 

linear beam having a length of 10 to 30 cm and a widtl 0 ****** ifg &f(*Q*, 

cm. The maximum energy of the laser light produced f : f? ^ v^ :r ^O 

optical system 54 is 1000 mJ per shot. J&j^ 2?*^°^ 

The optical path inside the optical system 54 is : .t-vv^- 
Figs. 6A-6C. Fig.6A is an upper view, Fig.6B is a side view 
and Fig.6C is a perspective view. The laser light incident on 
the optical system 54 passes through a cylindrical concave lens 
A, a cylindrical convex lens B, a lateral flyeye lens C, and a 
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longitudinal flyeye lens D. Since Che light passes through the 
flyeye lenses C and D. the energy distribution of the laser 
light changes from a gaussian distribution to a square 
distribution. The laser light also passes through cylindrical 
convex lenses E and F and is focused onto a cylindrical lens H 
via a mirror G (mirror 59 in Fig. 5). Then, the focused laser 
light is irradiated to a sample. 

In the present embodiment, distances XI and X2 are 
constant. The distance X3 between a virtual focus I (arising 
because the flyeye lenses differ in curvature) and the mirror G 
and distances X4 and X5 are adjusted by magnification M and 
focal distance F. That is, among these factors, there exist 
relations given by 

M = (X 3 + X„) / X 5 ' 

1 / F = 1 / (X 3 + X,|) + 1 / X 5 

The total optical path length X6 is about 1.3 m. 

The use of the linear laser light greatly improves the 
throughput. In particular, the linear laser beam output from 
the optical system 54 is irradiated to a sample 61 via the 
total reflection mirror 59. Since the width of the laser beam 
is equal to or greater than the width of the sample 61, the 
sample 61 may be moved only in one direction. A stage and a 
driver 60 for the sample 61 are simple in structure and can be 
easily maintained. Also, when the sample 61 is placed, it can 
be readily aligned. In the present invention, the sample 61 
may be rotated in addition to moving it in one direction. 

On the other hand, since it is impossible for the laser 
radiation by the laser light having approximately square shape 
to irradiate the whole substrate, it is necessary to move the 
sample 61 both vertically and horizontally, i.e., in two 
dimensions. However, this complicates the structure of the 
driver 60. Also, the alignment must be made in two dimensions 
and so this is difficult to accomplish. Especially, where the 
alignment is made manually, time is consumed wastefully during 
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this process. Hence, the productivity deteriorates. It is 
necessary to hold these devices on a stable pedestal 51 such as 
a vibration-proof support. 

The present embodiment relates to a monolithic active 
matrix liquid crystal display (AMLCD) device where an active 
matrix circuit and a peripheral circuit for driving the matrix 
circuit are formed on the same substrate. Thin film 
transistors (TFTs) are used in the AMLCD device. The process 
for fabricating these TFTs is roughly as follows. 

(1) A silicon oxide film is formed as a base layer on a 
glass substrate. An amorphous silicon film is formed on the 
silicon oxide film. An agent for promoting crystallization 
such as nickel acetate is applied to the top surface of the 
amorphous silicon film. 

(2) The amorphous silicon film is crystallized by solid 
phase growth, for example, at 550"C for 8 hours in a nitrogen 
atmosphere . 

(3) The crystallized silicon film is processed with laser 
radiation in order to improve the crys tallini ty . 

(4) The silicon film is etched to form an island silicon 
region . 

(5) A gate insulating film (silicon oxide) is formed. 

(6) Gate electrodes are formed. 

(7) An impurity such as phosphorus or boron is implanted to 
form. source and drain. 

(8) The implanted impurity is activated by laser 
irradiation. 

(9) An interlayer insulator is formed. 

(10) Electrodes are formed on the source and drain. 

The present embodiment relates to the above-described laser 
irradiation process (3) performed to further improve the 
crystallinity of the polycrys tall ine silicon film. The present 
embodiment is illustrated in Figs. 2A-2D. As shown in Fig. 2A, 
in the AMLCD device, an active matrix circuit 22, a column 
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driver 23, and a scan driver 24 are formed on a substrate 21. 
The column driver 23 and the scan driver 24 are similar in 
circuit configuration. Generally, a large number of TFTs are 
formed in a longitudinal direction of the driver region, as 
shown in Fig. 3 representing analog switch TFTs for the column 
driver. Each TFT has a large channel width of about 800 pm. 

As shown in Fig. 2B, a linear laser light 25 is scanned in 
the direction indicated by the arrow (i.e., from top to bottom 
as viewed in the figure) and irradiated at a substrate 
temperature of 200°C in the atmosphere pressure. The laser 
light is a KrF excimer laser (having a wavelength of 248 nm, an 
oscillation frequency of 10 Hz and an energy density of 200 
mJ/cm2) and scanned at a scanning speed of 3 mm/sec. 
Therefore, the laser light is moved in steps of 300 (Jm in the 
direction indicated by the arrow. Since the width of the laser 
beam is 0.3 mm, about 10 shots of the laser light are 
irradiated to each location. 

Thereafter, the substrate is rotated through 90° in a 
clockwise direction (Fig. 2C) . The laser light is again 
scanned in the direction indicated by the arrow to perform the 
laser irradiation process at a substrate temperature of 200°C 
in the atmosphere pressure (Fig. 2D) . This laser irradiation 
differs from the previous laser irradiation only in that the 
energy density is 300 mJ/cm-. 

Since the energy density of the second laser irradiation is 
greater than that of the first laser irradiation, the 
characteristics of the semiconductor device are affected 
materially. Although the present invention considerably 
reduces laser energy variations, complete suppression is not 
yet achieved. In Fig. 3, in a column driver, laser lights 
overlap each other on a region indicated by the dot-and-dash 
line as a result of the first laser irradiation. Then, the 
laser lights move longitudinally of the column driver and so 
the laser lights overlap each other in the region indicated by 



10 



Che dotted line. 

The TFTs are especially affected greatly, because the 
energy density of the second laser irradiation is large. 
Therefore, the characteristics of adjacent TFTs may be affected 
greatly by variations in energy density among each shot in the 
laser radiation. In practice, the variations can be suppressed 
sufficiently by preliminary laser irradiation. In a circuit 
having analog switches such as the column driver, a difference 
of the threshold voltages between adjacent TFTs should not be 
0.02 V or more . 

For this reason, with the method of Figs. 2A-2D, there is 
the possibility that the TFTs of the column driver differ 
greatly in threshold voltage. Accordingly, a method of Figs. 
4A-4E is used. 

A substrate 31 on which an active matrix circuit 32, a 
column driver 33, and a scan driver 34 are formed is placed in 
the same arrangement as in Fig. 2A (Fig. 4A) and rotated at 90° 
in a clockwise direction (Fig. 4B) . 

Then, laser light 35 is scanned in the direction indicated 
by the arrow (from top to bottom as viewed in the figure) to 
perform laser processing at a substrate temperature of 200°C in 
the atmosphere pressure (Fig. 4C) . The laser light is 
irradiated under the same conditions as in the case already 
described in Figs. 2A-2D. That is, the oscillation frequency 
is 10 Hz. The energy density is 200 mJ/cm2 . The scanning 
speed is 3 mm/sec. Then, the substrate 31 is rotated in a 
counterclockwise direction (Fig. 4D) . 

The laser light 3 5 is scanned in the direction indicated by 
the arrow to perform laser processing (Fig. 4E) . The laser 
irradiation condition is the same condition as the previous 
laser irradiation condition except that the laser energy 
density is 3 00 mJ/cm~. 

In this method, the first laser irradiation produces an 
overlap on the region indicated by the dotted line in Fig. 3 on 
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the column driver 33. V/hen intenser laser light is irradiated, 
an overlap is produced in the region indicated by the dot-and- 
dash line in Fig. 3. In consequence, variations in the 
characteristics of the TFTs are suppressed greatly. 

The scan driver 34 may suffer from the same problems as the 
problems with respect to the column driver 33 in the method of 
Figs. 2A-2D. However, no analog switches are formed in the 
scan driver 34, unlike the column driver 33. It suffices to 
suppress the variations in the threshold voltages of the 
adjacent TFTs to about 0.1 V. This degree of variations can be 
accomplished, for example, by the method illustrated in Figs. 
1A-1C. 

In this way, the present invention can be expanded further 
to improve the uniformity of semiconductor devices. Although 
the present embodiment relates to improvements in the 
crystallini ty by laser irradiation, the process (8) for 
activating source and drain regions after introduction of a 
dopant can be carried out similarly. 
EMBODIMENT 2 

In the present embodiment, the laser annealing apparatus of 
Fig. 5 is used. The laser light incident on an optical system 
54 is a rectangle shape having approximately 3 x 90 mm2 but the 
laser light is processed (focused) by the optical system 54 
into a linear laser beam having a length of 100 to 300 mm and a 
width of 10 to 30 mm. The maximum energy of the laser light 
passed through the optical system 54 is 30 J per shot. 

The above laser annealing apparatus, may be used alone or in 
combination with other apparatus such as a plasma CVD film 
deposition apparatus, an ion implantation apparatus (ion doping 
apparatus), a thermal annealing apparatus, or other 
semiconductor fabrication apparatus. This combination is known 
as a multi-chamber system. 

The present embodiment relates to a monolithic AMLCD 
device. In this device, an active matrix circuit, a column 
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driver, and a scan driver are formed on a substrate, as 
described above. In practice, when a laser irradiation is 
conducted, only a uniform film is formed on the substrate. The 
column driver and the scan driver have shift registers. Since 
the column driver outputs an analog signal, the column driver 
further includes an amplifier (buffer circuit) . 

The TFTs used in the AM LCD device are manufactured as 
summarily described above. The present and subsequent 
embodiments relate to laser irradiation process (3) for further 
improving the crystal 1 ini ty of polycrys tal 1 ine silicon film. 

Figs. 7A-7E show laser processes in the present embodiment. 
As shown in Fig. 7A, a laser beam irradiation region 215 is a 
rectangular shape having a width of 10 mm and a length of 300 
mm and is large enough to irradiate a whole column driver 213. 
A substrate 211 is moved to irradiate the laser light to the. 
column driver 213. At this stage, the laser light is not 
irradiated to the substrate 211. Subsequently, the substrate 
211 is irradiated with the laser light at a substrate 
temperature of 200°C in the atmosphere pressure in such a way 
that the laser beam and the substrate 211 are hardly moved. 
The laser light is a KrF excimer laser having a wavelength of 
248 run, an oscillation frequency of 10 Hz, and an energy 
density of 300 mJ/crn^. The number of the laser pulses is 10 
shots. After the required number of shots in the laser light 
is irradiated, the laser irradiation is stopped (Fig. 7B) . 

Then, the substrate 211 is moved from top to bottom as 
viewed in Fig. 7C up to the position where the irradiation 
region 215 overlaps the upper portions of an active matrix 
region 214 and a scan driver 212 (Fig. 7C) . Thereafter, the 
substrate 211 is moved while irradiating the laser light (Fig. 
7D) . The oscillation frequency is 10 Hz. The energy density 
is 300 mJ/cm2. The scanning speed is 10 mm/sec. Therefore, 
the irradiation region 215 moves in steps of 1 mm. Since the 
width of the laser light is 10 mm, about 10 shots in the laser 
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radiation are irradiated to each location. 

The laser light is scanned to the lower end of the 
substrate 211, so that the scan driver 212 and the active 
matrix region 214 are irradiated with the laser light (Fig. 
7E) . 

In the present embodiment, overlap of the laser beam do not 
produce on the column driver 213. As a result, the TFTs in the 
column driver 213 little differ from each other in threshold 
voltage. Typical ly * tne difference between the threshold 
voltages of adjacent TFTs is 0.01 V or less. Variation in 
threshold voltage within the column driver 213 is 0.05 V or 
less. Similarly, other characteristics differ only a little 
among the TFTs. On the other hand, adjacent laser beams 
overlap each other on the scan driver 212 and the active matrix 
region 214. Consequently, the difference between the threshold 
voltages of the adjacent TFTs in the scan driver 212 is about 
0.1 V. Variation in threshold voltage within the scan driver 
212 is similar value. In the active matrix region 214, a 
similar value is obtained. Such variations do not hinder the 
operation of these circuits. 

The column driver may be irradiated with the laser light 
after the scan driver 212 and the active matrix region 214. 
EMBODIMENT 3 

Laser processing of the present embodiment are shown in 
Figs. 8A-8G. In Fig. 8A, a laser beam irradiation region 225 
is a rectangular form and is large enough to irradiate a whole 
column driver 223. The rectangular form has 10 mm wide and 200 
mm long. A substrate 221 is moved to irradiate the laser light 
to the column driver 123. At this stage, the laser light is 
not irradiated to the substrate 221. Subsequently, the 
substrate 221 is irradiated with the laser light at a substrate 
temperature of 200°C in the atmosphere pressure in such a way 
that the laser beam and the substrate are hardly moved. The 
laser light is a KrF excimer laser having a wavelength of 248 
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nm, an oscillation frequency of 10 Hz, and an energy density of 
300 mJ/cm: . The number of laser pulses is ten shots. After 
the required number of shots in the laser light are irradiated, 
the laser irradiation is stopped (Fig. 8B) . 

Then, the substrate 221 is moved from top to bottom as 
viewed in Fig. 8C until the irradiation region 225 overlaps the 
upper end of the active matrix region 224. Unlike Embodiment 
2, the scan driver 222 is not irradiated with the laser light. 

Thereafter, the substrate 221 is moved while irradiated 
with the laser light (Fig. 8D) . The oscillation frequency is 
10 Hz. The energy density is 250 mJ/cm2 . The scanning speed 
is 10 mm/sec. Therefore, the irradiation region 225 moves in 
steps of 1 mm. Since the width of laser light is 10 mm, about 
10 shots in the laser light are irradiated to each location. 

In this way, the laser light is scanned until the lower end 
of the substrate, so that the active matrix region 224 is 
irradiated with the laser light (Fig. 8E) . 

Then, the substrate 221 is rotated at a quarter revolution 
(Fig. 8F) . In Fig. 8F, a square 226 indicated by the dotted 
line is an initial position of the substrate 221. As shown in 
Fig. 8G, the substrate 221 is moved to irradiate the laser 
light to the scan driver 222. At this stage, the laser light 
is not irradiated to the substrate 221. Thereafter, the scan 
driver 222 is irradiated with laser light in such a way that 
the laser beam and the substrate are hardly moved. The 
oscillation frequency is 10 Hz. The energy density is 300 
mJ/cm2. The number of laser pulses is 10 shots. After the 
required number of shots of the laser light are irradiated, the 
laser irradiation is stopped. 

In the present embodiment, overlap of the laser beam do not 
produce on the scan driver 222, as well as on the column driver 
223. Also in the present embodiment, the driver circuit is 
irradiated with laser radiation of 300 mJ/cm2 but the active 
matrix circuit is irradiated with laser radiation of 250 mJ / cm2 
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in order to obtain TFTs which exhibit small le3*5ge current 
(OFF current) when a reverse bias voltage is applied to each 
gate electrode. On the other hand, TFTs of the driver circuit 
are required to operate at high speeds. Hence, a high mobility 
is obtained by making the energy ut the laser liqht high. 

The scan driver 222 may be irradiated with the laser light 
after irradiations of the column driver 223 and the active 
matrix region 224 and rotation of the substrate 221. 
EMBODIMENT 4 

Laser processes of the present embodiment are illustrated 
in Figs. 9A-9G. The present embodiment relates to a monolithic 
liquid crystal display (LCD) having driver circuits on the 
upper and lower portions and on the right and left side 
portions of an active matrix (circuit) region, unlike 
Embodiments 2 and 3. The present embodiment also relates to a 
activating process for this display device. This activating 
step corresponds to activation (process (8)) of the dopant 
implanted by laser irradiation in Embodiment 1. 

Figs. 10A-10F illustrate the sequence for processing the 
whole substrate according to the present embodiment. The 
substrate 101 is made of Corning 7059 and has 300 mm x 200 mm 
in size. A silicon oxide film is formed as a base oxide film 
102 at a thickness of 1000 to 5000 A, for example, 2000 A, on 
the substrate 101 by sputtering in an oxygen atmosphere. 
However, in order to enhance the productivity, the silicon 
oxide film may be formed by decomposing TEOS by PCVD. 
Furthermore, the formed silicon oxide film may be annealed at _ 
400 to 650°C. 

Then, an amorphous silicon film having a thickness of 300 
to 5000A, preferably 400 to 1000A, for example, 500A, is 
deposited by plasma CVD or LPCVD. The laminate is allowed to 
stand for 8 to 24 hours in a reducing atmosphere at 550 to 
600°C to crystallize the amorphous silicon film. At this time, 
a trace amount of a metal element such as nickel which promotes 



1 6 



the crystal ligation may be added. Also, this process may be 
carried out using laser irradiation. The crystallized silicon 
film is etched into an island region 103. Then, a silicon 
oxide film 104 having a thickness of 700 to 1500A, for example, 
1200A, is formed by plasma CVD. 

Subsequently, an aluminum film having a thickness of 1000 A 
to 3 M m ' for example. 5000 A, and containing 1% by weight of Si 
or 0.1 to 0.3% by weight of Sc (scandium) is formed by 
sputtering. The laminate is etched to form a gate electrode 
105 and a gate interconnect (wiring) 106 (Fig. 10A). 

A current is passed through a gate electrode 105 and 
through a gate interconnect 106 within an electrolytic solution 
to perform anodic oxidation. Thus, anodic oxides 107 and 108 
each having a thickness of 500 to 2500 A, for example, 2000 A, 
are formed. The electrolytic solution includes L-tartaric acid 
diluted with ethylene glycol at a concentration of 5%. The pH 
of this solution is adjusted to 7.0 ± 0.2, using ammonia. The 
substrate 101 is immersed in this solution. The positive 
terminal of a constant current source is connected with the 
gate interconnect on the substrate, while the negative terminal 
is connected with a platinum electrode. A voltage is applied 
at a constant current of 20 mA. The oxidation is continued 
until the voltage reaches 150 V. Furthermore, the oxidation is 
continued at a constant voltage of 150 V until the current 
drops below 0.1 mA. As a result, an aluminum oxide film having 
a thickness of 2000 A is obtained. 

Then, using the gate electrode portion (or, gate electrode 
and its surrounding anodic oxide film) as a mask, a dopant, or 
phosphorus, is implanted into the island region (silicon film) 
103 in self -aligning by ion doping. As a result, as shown in 
Fig. 10B, lightly doped drain (LDD) regions 109 are formed. 
The dose is 1 x 10*3 to 5 x 10^ atoms/cm2, for example, 5 x 10*3 
atoms/cm2. The accelerating voltage is 10 to 90 kV, for example, 
80 kV (Fig. 10B) . 
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Thereafter, a silicon oxide film 110 is deposited by 
plasma CVD. In the present embodiment, TEOS and oxygen are 
used as raw gases. Alternatively, monosilane and dinitrogen 
monoxide are employed. The optimum value of the thickness of 
the silicon oxide film 110 varies depending on the height of 
the gate electrode and the gate interconnect. In the present 
embodiment, the height including the anodic oxide film is about 
6000 A. In this case, the thickness of the silicon oxide film 
110 is preferably one third to 2 times this value, for example, 
2000 A to 1.2 Mm. In this embodiment, the thickness is set to 
6000 A. In this film formation process, the film thickness in 
planar portions must be uniform. Also, good step coverage is 
required. As a result, the thickness of the silicon oxide film 
on the side surfaces of the gate electrode and the gate 
interconnect is increased by the portion indicated by the 
dotted lines in Fig. 10C. 

Then, the silicon oxide film 108 is etched by anisotropic 
dry etching based on well known reactive ion etching (RIE) 
techniques. This etching process ends when the etched region 
arrives at the gate insulating film 105. The instant at which 
the etching process ends can be controlled by, for example, 
making the etching rate of the gate insulating film 105 smaller 
than that of the silicon oxide film 110. In consequence, 
roughly triangular insulators, or side walls 111 and 112, 
remains on the side surfaces of the gate electrode and the gate 
interconnect . 

Phosphorus is again introduced by ion doping. The dose is 
preferably 1 to 3 orders of concentration greater than the dose 
used in the process illustrated in Fig. 10B. In the present 
embodiment, the dose is 2 x 10^ atoms /cm 2 , which is 40 times as 
great as the dose used in the first doping of phosphorus. The 
accelerating voltage is 80 kV. As a result, heavily 
phosphorus -doped regions (source and drain) 114 into which 
phosphorus having a high concentration is introduced are 



18 



formed. Lightly doped drain { LDD) regions 113 remains under 
Che side walls 111 and 112 (Fig. 10D) . 

A KrF excimer laser having a wavelength of 24J=i nm and a 
pulse width of 20 ns is irradiated to activate the doped 
impurity. The energy density is 200 to 400 mj/cnv-. preferably 
250 to 300 mJ/cm" (Fig. 10E). 

A silicon oxide film is formed as an interlayer insulator 
115 having a thickness of 5000 A over the whole surface of the 
laminate by CVD. Contact holes are formed in the source and 
drain regions 114. Second layer aluminum interconnect and 
electrode 116 and 117 is formed. The thickness of the aluminum 
interconnect is substantially equal to the thickness of the 
gate electrode and gate interconnect and 4000 to 6000 A. 

In this way, TFTs having N-channel LDDs are completed. To 
activate the impurity regions, hydrogen annealing may be 
performed at 200 to 400"C. The second layer interconnect 117 
gets over the gate interconnects 106, thus forming a step. 
This step is made milder by the presence of the side wall 112. 
Therefore, little steep step edges are observed although the 
second layer interconnect is substantially equal in thickness 
to the gate electrode and interconnect (Fig. 10F). 

Of the above processes, the process for activating the 
dopant (impurity) by laser irradiation in Fig. 10E will be 
described . 

Fig. 11 shows a cross section of a substrate processed in 
the present embodiment. A peripheral driver circuit region and 
a pixel circuit region are formed on the substrate. The 
peripheral driver circuit region has NMOS TFTs and PMOS TFTs. 
The pixel circuit has PMOS TFTs which are connected with pixel 
electrodes . 

Fig. 9A is a top view of the substrate to be processed in 
the present embodiment. In Fig. 10E, an interlayer insulator 
and a second layer interconnect are not formed. As shown in 
Fig. 9A, scan drivers 232 and 233, column drivers 234 and 235, 



19 



• 01 

and an active matrix circuit 236 are formed on a substrate 231. 
A laser beam irradiation region 237 has a rectangular form and 
is large enough to irradiate the whole column drivers 234 and 
235. The rectangular form is 10 mm wide and 300 mm long. 

In Fig. 9B, the substrate 231 is moved to irradiate the 
laser light to the scan driver 232. At this stage, the laser 
light is not irradiated to the substrate 231. Thereafter, the 
laser radiation is performed at a substrate temperature of 
200°C in an atmosphere pressure in such a way that the laser 
beam and the substrate 231 are hardly moved. The laser light 
is a KrF excimer laser having a wavelength of 248 run, an 
oscillation frequency of 10 Hz, and an energy density of 300 
mJ/cm2. The number of pulses in the laser beam is 10 shots. 
After the required number 'of shots are irradiated, the laser 
irradiation is stopped . 

Thereafter, the substrate 231 is moved to irradiate the 
laser light to the scan driver 233. 10 shots of the laser 
light are irradiated under the same conditions as the above 
described conditions without moving the substrate 231 and the 
laser beam (corresponding to the laser beam irradiation 
region) . After a required number of shots are irradiated, the 
laser irradiation is stopped (Fig. 9C) . 

Then, the substrate 231 is rotated at a quarter revolution 
(Fig. 9D) . A square 23 8 indicated by the dotted line is an 
initial position of the substrate 231. In Fig. 9E, the 
substrate 231 is moved to irradiate the laser light to the 
column driver 234. Then, 10 shots of the laser light are 
irradiated under the same conditions as the above described 
conditions without moving the substrate 231 and the laser beam. 
After a required number of shots of laser light are irradiated, 
the laser irradiation is stopped (Fig. 9E) . 

Thereafter, the substrate 231 is moved from top to bottom 
as viewed in Fig. 9F to the position where the irradiation 
region 237 overlaps upper portions of the active matrix circuit' 
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236 and the scan drivers 232, 233. Then, the irradiation 
region 237 is moved in the direction indicated by the arrow 
while irradiated with the laser radiation. The oscillation 
frequency is 10 Hz. The energy density is 250 mJ/cm2. The 
scanning speed is 10 mm/sec. Consequently, the irradiation 
region 237 moves in steps of 1 mm. Since the width of the 
laser light is 10 mm, about 10 shots of the laser light are 
irradiated to each location. 

The laser light is scanned to the lower end of the active 
matrix circuit 236 and then the laser irradiation is stopped. 

As shown in Fig. 10G, the substrate 231 is moved to 
irradiate the laser beam to the column driver 235. Then, the 
column driver 235 is irradiated with the laser light without 
moving the laser beam and the substrate 231. The oscillation 
frequency is 10 Hz. The energy density is 300 mJ/cm2. The 
number of shots of the laser light is 10 shots. After a 
required number of shots of laser light are irradiated, the 
laser irradiation is stopped. 

In the present embodiment, overlap of the laser beam do not 
produce in the column driver. On the other hand, in the scan 
driver, the laser beams do not overlap in the laser irradiation 
processes shown in Figs. 9B and 9C but overlaps occur when the 
active matrix circuit is irradiated with the laser beam. 
However, admissible variations in characteristics of the TFTs 
forming the scan driver is larger than that in the TFTs forming 
the column driver. Also, since the energy of the laser light 
irradiated to the active matrix circuit is smaller than the 
energy of the first laser irradiation, substantially effects do 
not produce . 

The laser irradiation techniques of the present invention 
improve the uniformity of semiconductor devices while 
maintaining the productivity. The present invention can be 
applied to every laser process used to process semiconductor 
devices. Especially, where TFTs are used as semiconductor 
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devices, the uniformity of the threshold voltages of the TFTs 
can be effectively enhanced by irradiating the polycrys talline 
silicon film with laser light. Furthermore, where the 
invention is applied to activation of the impurity element in 
the source and drain and the above process is also carried out, 
the field mobilities of the TFTs or the uniformity of the ON 
currents can be effectively improved. In this way, the present 
invention is useful for industry. 
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